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CLAIMS 



[Claim(s)] 

[Claim l] The surface acoustic element characterized by having the IDT electrode which an Eulerian 
angle is cut into (0, 15 - 23 degrees, and 0), is formed on the crystal substrate adjusted so that thickness 
might be settled in the predetermined frequency temperature-distribution range, and the aforementioned 
crystal substrate, and excites the Leakey wave to the aforementioned crystal substrate. 
[Claim 2] The surface acoustic element characterized by having the IDT electrode to which the crystal 
substrate by which the Eulerian angle (Otheta, 0) was cut into 15 minutes [ 20 ] < theta< 16 degrees, and 
the IDT wavelength lambda and thickness H of an IDT electrode are set up so that it may be set to 0.0K 
H/lambda <0.0055theta-0.0725, and they excite the Leakey wave to the aforementioned crystal substrate. 
[Claim 3] The surface acoustic element characterized by having the IDT electrode to which the crystal 
substrate by which the Eulerian angle (Otheta, 0) was cut into 16 <= theta<=23 degrees, and the IDT 
wavelength lambda and thickness H of an IDT electrode are set up so that it may be set to 0.0K 
H/lambda and 0.0055theta 0.08275< H/lambda <0.0055theta 0.0725, and they excite the Leakey wave to 
the aforementioned crystal substrate. 

[Claim 4] The surface acoustic element of the claim 13 characterized by performing adjustment of the 
thickness of the aforementioned crystal substrate to the forming face of the aforementioned IDT electrode, 
and all the fields that counter so that it may fit in the predetermined frequency temperature -distribution 
range given in any 1 term. 

[Claim 5] The surface acoustic element of the claim 1*3 characterized by performing adjustment of the 
thickness of the aforementioned crystal substrate to the aforementioned crevice so that the crevice which 
has a larger area than the formation field of the aforementioned IDT electrode may be established in the 
forming face of the aforementioned IDT electrode, and the field which counters and it may fit in the 
predetermined frequency temperature -distribution range given in any 1 term. 

[Claim 6] The surface acoustic element of the claim 15 to which the amount of adjustments of the 
thickness of the aforementioned crystal substrate is characterized by being O llambda given in any 1 
term. 

[Claim 7] It is a communication device using the surface acoustic element characterized by having the 
IDT electrode which a surface acoustic element is used as a frequency selective filter, an Eulerian angle is 
cut into (0, 15 - 23 degrees, and 0), and the aforementioned surface acoustic element is formed on the 
crystal substrate adjusted so that thickness might be settled in the predetermined frequency 
temperature-distribution range, and the aforementioned crystal substrate, and excites the Leakey wave 
to the aforementioned crystal substrate. 

[Claim 8] The manufacturing installation of the surface acoustic element characterized by having the 
chamber which introduces etching gas, the electrode prepared in the aforementioned chamber, RF power 
supply which impresses RF power to the aforementioned electrode, and RF power control section which 
controls the power and impression time of the aforementioned RF power supply so that the amount of 
etching of a crystal substrate is settled in the predetermined frequency temperature-distribution range. 
[Claim 9] An Eulerian angle meets in the propagation direction of the surface wave on the main front face 
of the crystal single crystal of (0, 15 - 23 degrees, and 0). In the manufacture method of a surface acoustic 
element that at least one pair of IDT electrodes for exciting leek 1 wave spread while emitting energy to 
the interior of a substrate have been arranged The manufacture method of the surface acoustic element 
characterized by adjusting the crystal thickness of the forming face of the aforementioned IDT electrode, 
and the field which counters so that it may fit in the predetermined frequency temperature characteristic. 
[Claim 10] The manufacture method of the surface acoustic element characterized by having the process 
which fixes in a package the crystal substrate in which the Eulerian angle was cut into (0, 15 - 23 degrees, 
and 0), and the IDT electrode was formed so that the aforementioned IDT electrode may turn to the 
bottom, and the process which ********** s the rear face of the aforementioned crystal substrate so that it 



may fit in the predetermined frequency temperature characteristic. 

[Claim 11] The manufacture method of the surface acoustic element characterized by having the process 
which fixes the crystal substrate in which the Eulerian angle was cut into (0, 15 - 23 degrees, and 0), and 
the IDT electrode was formed in the package in which opening was formed so that the aforementioned 
IDT electrode may turn to a top, and the process which ********** s the rear face of the aforementioned 
crystal substrate through the aforementioned opening so that it may fit in the predetermined frequency 
temperature characteristic. 

[Claim 12] The manufacture method of the surface acoustic element of a claim 9*11 given in any 1 term 
that the amount of adjustments of the thickness of the aforementioned crystal substrate is characterized 
by being 0- llambda. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is applied to the VCO in the 
frequency-selective filter in a cellular phone etc., a key loess entry system, etc., a resonator, etc. about the 
communication device which used the surface acoustic element and the surface acoustic element, the 
manufacturing installation of a surface acoustic element, and the manufacture method of a surface 
acoustic element, and is suitable. 
[0002] 

[Description of the Prior Art] In the surface acoustic element using the conventional crystal Leakey wave, 
in order to stabilize the frequency temperature characteristic, a cut angle is set up in 5 minutes 16 
degrees, and the method of setting to H/lambda =0.005**0.001 is indicated by JP,2- 194714, A. Here, H is 
the thickness of an IDT electrode and lambda is IDT wavelength. 

[0003] Moreover, in JP,8-17303,B, by embedding an IDT electrode to the interior of crystal, thickness H of 
an IDT electrode is enlarged and the method of lowering resistance is indicated. Moreover, the method of 
raising a reflection factor by setting H/lambda as the range of 0.01 0.03, and miniaturizing a surface 
acoustic element by it by setting a cut angle as the range of 16 degrees - 18.50 degrees, while improving 
the frequency temperature characteristic is indicated by JP,7- 183760, A. And although it is unstated, this 
has the effect which suppresses the increase in resistance. 
[0004] 

[Problem(s) to be Solved by the Invention] however - since crystal Leakey wave velocity is about 3950 m/s 
when this surface acoustic element is applied not only to hundreds of MHz band but to the frequency of 
1GHz or more by the method of JP, 2- 194714, A - frequency F[Hz] = speed [m/s] / wavelength lambda [m] 
By the formula to say, for example, the frequency F is set to lambda= 3.95 micrometers by 1GHz. For this 
reason, H/lambda = since it was 0.05, there was a problem that became very thin with H= 197. 5A, and 
resistance became large. 

[0005] Moreover, if thickness H of an IDT electrode was too thin, since bonding would not adhere, the 
process which thickens only the electrode of a bonding position was needed, and there was a problem that 
a manufacturing process became complicated. Moreover, in JP,8- 17303, B, after preparing the groove for 
embedding an IDT electrode, in order to form an IDT electrode, the process of IDT electrode formation 
became complicated and there was a problem that the yield fell. 

[0006] Moreover, by the method of JP, 7- 183760, A, it is predicted that the Leakey wave used by the 
latest- starting- time cut combines with thickness mode as indicated by Jpn.J.Appl.Phys. Vol. 35(1996) 
pp. 3002 3005. Since the temperature characteristic changes, it is expected by this combination that the 
good temperature characteristic is not obtained. 

[0007] Then, the 1st purpose of this invention is offering the communication device using the surface 
acoustic element which can improve easily the frequency temperature characteristic of the surface 
acoustic element which used the crystal Leakey wave, and the surface acoustic element, the 
manufacturing installation of a surface acoustic element, and the manufacture method of a surface 
acoustic element. Moreover, the 2nd purpose of this invention is that a propagation loss and resistance 
can make it small, and the temperature characteristic also offers the communication device using the 
surface acoustic element and surface acoustic element using the good crystal Leakey wave, the 
manufacturing installation of a surface acoustic element, and the manufacture method of a surface 
acoustic element. 

[0008] Moreover, the 3rd purpose of this invention is that can make resistance small and the temperature 
characteristic also offers the communication*, device using the surface acoustic element and surface 
acoustic element using the good crystal Leakey wave, the manufacturing installation of a surface acoustic 
element, and the manufacture method of a surface acoustic element while enlarging an electromechanical 
coupling coefficient. 



[0009] 

[Means for Solving the Problem] In order to solve the technical problem mentioned above, according to 
the surface acoustic element according to claim 1, an Eulerian angle is cut into (0, 15 - 23 degrees, and 0), 
and it is formed on the crystal substrate adjusted so that thickness might be settled in the predetermined 
frequency temperature -distribution range, and the aforementioned crystal substrate, and is 
characterized by having the IDT electrode which excites the Leakey wave to the aforementioned crystal 
substrate. 

[0010] The frequency of operation of a surface acoustic element can be raised easily, without being able to 
adjust the frequency temperature-distribution range only by adjusting the thickness of a crystal 
substrate by this, and complicating a manufacturing process. Moreover, according to the surface acoustic 
element according to claim 2, the crystal substrate by which the Eulerian angle (Otheta, 0) was cut into 15 
minutes [ 20 ] < theta< 16 degrees, and the IDT wavelength lambda and thickness H of an IDT electrode 
are set up so that it may be set to 0.0K H/lambda <0.0055theta 0.0725, and they are characterized by 
having the IDT electrode which excites the Leakey wave to the aforementioned crystal substrate. 
[0011] The frequency of operation of a surface acoustic element can be raised easily, without being able to 
make a propagation loss and resistance small and complicating a manufacturing process, this securing 
the good temperature characteristic. Moreover, according to the surface acoustic element according to 
claim 3, the crystal substrate by which the Eulerian angle (Otheta, 0) was cut into 16 <= theta<=23 
degrees, and the IDT wavelength lambda and thickness H of an IDT electrode are set up so that it may be 
set to 0.0K H/lambda and 0.0055theta0.08275< H/lambda <0.0055theta-0.0725, and they are 
characterized by having the IDT electrode which excites the Leakey wave to the aforementioned crystal 
substrate. 

[0012] The frequency of operation of a surface acoustic element can be raised easily, without being able to 
make resistance small and complicating a manufacturing process, this securing the good temperature 
characteristic, while enlarging an electromechanical coupling coefficient. Moreover, according to the 
surface acoustic element according to claim 4, it is characterized by performing adjustment of the 
thickness of the aforementioned crystal substrate to the forming face of the aforementioned IDT electrode, 
and all the fields that counter so that it may fit in the predetermined frequency temperature -distribution 
range. 

[0013] Thereby, after forming an IDT electrode in a crystal substrate, the frequency 
temperature-distribution range of a surface acoustic element can be adjusted only by **********i n g the 
rear face of the crystal substrate. Moreover, according to the surface acoustic element according to claim 5, 
it is characterized by performing adjustment of the thickness of the aforementioned crystal substrate to 
the aforementioned crevice so that the crevice which has a larger area than the formation field of the 
aforementioned IDT electrode may be established in the forming face of the aforementioned IDT electrode, 
and the field which counters and it may fit in the predetermined frequency temperature- distribution 
range. 

[0014] Thereby, in order to adjust the frequency temperature -distribution range of a surface acoustic 
element, when **********i n g the rear face of a crystal substrate, as an IDT electrode turns to a top, it can 
mount a surface acoustic element, and becomes possible [ connecting a surface acoustic element using 
wire bonding 1. Moreover, according to the surface acoustic element according to claim 6, the amount of 
adjustments of the thickness of the aforementioned crystal substrate is characterized by being O llambda. 
[0015] This becomes possible to set the frequency temperature -distribution range of a surface acoustic 
element as the minimal value only by carrying out specified quantity etching of the rear face of a crystal 
substrate. Moreover, according to the communication device using the surface acoustic element according 
to claim 7, a surface acoustic element is used as a frequency-selective filter, an Eulerian angle is cut into 
(0, 15 - 23 degrees, and 0), the aforementioned surface acoustic element is formed on the crystal substrate 
adjusted so that thickness might be settled in the predetermined frequency temperature -distribution 
range, and the aforementioned crystal substrate, and it is characterized by having the IDT electrode 
which excites the Leakey wave to the aforementioned crystal substrate. 

[0016] While becoming possible to raise frequency selective characteristics easily by this, it becomes 
possible to correspond to RF ization of a communication device easily. Moreover, according to the 
manufacturing installation of a surface acoustic element according to claim 8, it is characterized by 
having the chamber which introduces etching gas, the electrode prepared in the aforementioned chamber, 
RF power supply which impresses RF power to the aforementioned electrode, and RF power control 
section which controls the power and impression time of the aforementioned RF power supply so that the 
amount of etching of a crystal substrate is settled in the predetermined frequency 
temperature-distribution range. 

[0017] This becomes possible [ automating the adjustment process of the thickness of a crystal substrate ], 



and it becomes possible to raise a throughput, moreover ■- according to the manufacture method of a 
surface acoustic element according to claim 9 - an Eulerian angle (0 ■■ 15 to 23 degrees) In the 
manufacture method of a surface acoustic element that at least one pair of IDT electrodes for exciting leek 
1 wave spread while emitting energy to the interior of a substrate along the propagation direction of the 
surface wave on the main front face of the crystal single crystal of 0) have been arranged It is 
characterized by adjusting the crystal thickness of the forming face of the aforementioned IDT electrode, 
and the field which counters so that it may fit in the predetermined frequency temperature characteristic. 
[0018] The frequency of operation of a surface acoustic element can be raised easily, without being able to 
adjust the frequency temperature-distribution range only by adjusting the thickness of a crystal 
substrate by this, and complicating a manufacturing process. Moreover, according to the manufacture 
method of a surface acoustic element according to claim 10, an Eulerian angle is cut into (0, 15 - 23 
degrees, and 0),.and it is characterized by having the process which fixes in a package the crystal 
substrate in which the IDT electrode was formed so that the aforementioned IDT electrode may turn to 
the bottom, and the process which ********** s the rear face of the aforementioned crystal substrate so 
that it may fit in the predetermined frequency temperature characteristic. 

[0019] After this mounts the crystal substrate in which the IDT electrode was formed on a package, the 
frequency temperature-distribution range of a surface acoustic element can be adjusted only by 
**********ing the rear face of the crystal substrate. Moreover, it is characterized by having the process 
which fixes the crystal substrate in which the Eulerian angle was cut into (0, 15 - 23 degrees, and 0) 
according to the manufacture method of a surface acoustic element according to claim 11, and the IDT 
electrode was formed in the package in which opening was formed so that the aforementioned IDT 
electrode may turn to a top, and the process which ********** s the rear face of the aforementioned crystal 
substrate through the aforementioned opening so that it may fit in the predetermined frequency 
temperature characteristic. 

[0020] The frequency temperature-distribution range of a surface acoustic element can be adjusted being 
able to adjust the thickness of the rear face of a crystal substrate and making wire bonding possible, when 
it mounts a surface acoustic element on a package by this, as the IDT electrode turned to the top. 
Moreover, according to the manufacture method of a surface acoustic element according to claim 12, the 
amount of adjustments of the thickness of the aforementioned crystal substrate is characterized by being 
Ollambda. 

[0021] This becomes possible to set the frequency temperature -distribution range of a surface acoustic 
element as the minimal value only by carrying out specified quantity etching of the rear face of a crystal 
substrate. 
[0022] 

[Embodiments of the Invention] It explains referring to a drawing about the surface acoustic element 
concerning the operation form of this invention hereafter. The perspective diagram showing the outline 
composition of the surface acoustic element which drawing 1 (a) requires for the 1st operation form of this 
invention, and drawing 1 (b) are the cross sections cut by the A- A line of drawing 1 (a). In drawing 1 , the 
IDT electrode 2 and the reflector electrodes 3a and 3b are formed on the main front face of the crystal 
substrate 1. In addition, for t, the thickness of the crystal substrate 1 and P are [ IDT wavelength and H 
of the pitch of the IDT electrode 2 and lambda ] the thickness of the IDT electrode 2. Here, the IDT 
wavelength lambda serves as double precision of the pitch P of the IDT electrode 2. 

[0023] Moreover, this crystal substrate 1 is started so that an Eulerian angle may be set to (0, theta= 15 - 
23 degrees, and 0). Here, thickness t of the crystal substrate 1 is adjusted so that the frequency 
temperature characteristic may be stabilized. Namely, usually, although the 2nd page of an IDT electrode 
and the field BS which counters are used as an adhesion side to a package, it ********** s this opposed 
face BS if needed, and it adjusts the thickness of the crystal substrate 1 for every chip so that the 
frequency temperature characteristic may be stabilized. 

[0024] You may perform adjustment of the thickness of the crystal substrate 1 to the crystal substrate 1 
whole, and may be made to perform it here by limiting to the range of the IDT electrode 2 which 
influences the temperature characteristic of the Leakey wave. Drawing 2 is drawing showing the relation 
of the crystal thickness t of a surface acoustic element and the frequency temperature distribution 
concerning the 1st operation form of this invention. In addition, in this example, it was referred to as an 
Eulerian angle (0, 16, 0) and H/lambda =0.0101, and the case of the crystal thickness of t= 397 
micrometers, 398 micrometers, 399 micrometers, and 400 micrometers was shown. Moreover, it is the 
value which standardized the frequency F in each temperature as frequency [temperature-distribution 
ppm] =(F-F0)/F0xl06 the frequency temperature distribution in drawing 2 , and on the basis of the 
frequency F0 in 25 degrees C. 

[0025] In drawing 2 , in the case of the crystal thickness of t= 397 micrometers, 398 micrometers, and 399 



micrometers, it is the range whose temperature is -40-90 degrees C,.and to having fitted in' the range 
whose frequency temperature distribution is 80-40ppm, in the case of t= 400-micrometer crystal 
thickness, it is the range whose temperature is -40-90 degrees C, and it is changed in the range whose 
frequency temperature distribution is -250-20ppm. For this reason, in this example, the frequency 
temperature characteristic can be stabilized by setting crystal thickness t to 397 399 micrometers. 
[0026] Drawing 3 and 4 are drawings showing the relation of the crystal thickness t of a surface acoustic 
element and the frequency temperature -distribution range concerning 1 operation form of this invention. 
In addition, the frequency temperature-distribution range is. the difference of the maximum of the 
frequency temperature distribution of drawing 2 , and the minimum value. Moreover, when the IDT 
wavelength lambda of drawing 3 of drawing 1 is 10 micrometers, drawing 4 shows the case where the IDT 
wavelength lambda of drawing 1 is 12.5 micrometers. Moreover, Eulerian angles are (0, 16, 0) also about 
which IDT wavelength lambda. 

[0027] In drawing 3 and 4, if crystal thickness t is changed, the minimal value of the frequency 
temperature-distribution range will appear in every IDT wavelength lambda. Namely, in drawing 3 , the 
minimal value appeared for every IDT wavelength of lambda= 10 micrometers, and the minimal value 
has appeared for every IDT wavelength of lambda= 12.5 micrometers in drawing 4 . Thereby, the 
frequency temperature distribution range can be adjusted to the minimal value by setting up the amount 
of adjustments of crystal thickness t between 0-llambda to the IDT wavelength lambda. In addition, since 
the minimal value of the frequency temperature-distribution range appears in every IDT wavelength 
lambda, it may perform the amount of adjustments of crystal thickness t between x (n l) 
lambdanxlambda (n • integer). 

[0028] Here, let the minimal value of the frequency temperature characteristic variation obtained by 
adjusting crystal thickness t be the minimum value in the range with which the relation between 
H/lambda and theta is filled. That is, without making thickness H of the IDT electrode 2 extremely thin 
by adjusting crystal thickness t, H/lambda, and theta, operation of 1GHz or more is enabled and the 
highly precise frequency temperature characteristic can be obtained easily. 

[0029] Thus, according to the 1st operation form mentioned above, suppressing increase of the resistance 
of the IDT electrode 2, it can manufacture by the high yield and the surface acoustic wave using the good 
crystal Leakey wave of the frequency temperature characteristic can be offered. Drawing 5 (a) is the cross 
section showing the outline composition of the surface acoustic element concerning the 2nd operation 
form of this invention. In drawing 5 (a), the crystal substrate 11 in which the IDT electrode 12 was formed 
has pasted the ceramic package 14 through adhesives 13, as the IDT electrode 12 turned to the bottom. 
Here, by performing plasma etching using for example, fluorine gas, thickness t of the crystal substrate 

11 is adjusted so that it may ********** an d the forming face of the IDT electrode 12 and the field BS 
which counters may become the predetermined frequency temperature characteristic. 

[0030] For example, when setting the predetermined frequency temperature characteristic as the 
frequency temperature characteristic with a crystal thickness [ of drawing 2 ] of t= 397 micrometers, the 
surface acoustic element of crystal thickness t which applied the thickness in consideration of the 
variation in crystal thickness to 397 micrometers is created. And after pasting up this surface acoustic 
element on a ceramic package 14, plasma etching is performed so that crystal thickness t may be set to 
397 micrometers, 

[0031] In addition, before pasting up the crystal substrate 11 on a ceramic package 14, you may adjust 
crystal thickness t of the crystal substrate 11. Moreover, in this case, the forming face of the IDT electrode 

12 can be turned up, and a ceramic package 14 can be pasted so that adhesives 13 may not exist in the 
lower part of the IDT electrode 12. Drawing 5 (b) is the cross section showing the outline composition of 
the surface acoustic element concerning the 3rd operation form of this invention. In drawing 5 (b), the 
crystal substrate 21 in which the IDT electrode 22 was formed has pasted the ceramic package 26 through 
adhesives 24, as the IDT electrode 22 turned to the top. Moreover, the electrode of the crystal substrate 21 
is connected with the electrode of a ceramic package 26 through the bonding wire 25. 

[0032] Here, a crevice 23 is formed in the rear face of the crystal substrate 21, and thickness t of the 
crystal substrate 21 in this crevice 23 is set to it so that it may become the predetermined frequency 
temperature characteristic so that it may correspond to the formation range of the IDT electrode 22 at 
least. Moreover, opening 27 is formed in the ceramic package 26 so that it may correspond to the crevice 
23 of the crystal substrate 21. And thickness t of the crystal substrate 21 of a crevice 23 can be adjusted 
after pasting up the crystal substrate 21 on a ceramic package 26 by etching the rear face of the crystal 
substrate 21 through this opening 27. 

[0033] While this becomes possible to perform wirebonding to the forming face of the IDT electrode 22, 
adhesives 24 and the field which counters the IDT electrode 22 are certainly separable. In addition, before 
pasting up the crystal substrate 21 on a ceramic package 26 by the binder 24, you may adjust thickness t 



from the rear face of the crystal substrate 21. In this case, there may not be the opening 27 of a ceramic 
package 26. 

[0034] Drawing 6 is the perspective diagram and cross section showing the manufacturing process of the 
surface acoustic element concerning the 2nd operation form of this invention. In drawing 6 (a), if a surface 
acoustic element is formed to the crystal wafer W, a surface acoustic element will be started as a chip CP 
by performing the dicing of this crystal wafer W. 

[0035] Consequently, the chip CP with which the surface acoustic element of drawing 6 (b) was formed is 
obtained. Here, the IDT electrode 32, the reflector electrodes 33a and 33b, and the drawer electrodes 34a 
and 34b are formed on the crystal substrate 31 at the surface acoustic element of drawing 6 (b). Next, as 
are shown in drawing 6 (c), and the IDT electrode 32 turns to the bottom, the crystal substrate 31 of 
drawing 6 (b) is pasted up on a ceramic package 36 through adhesives 34. 

[0036] Next, by performing plasma etching ZM at the rear face of the crystal substrate 31, as shown in 
drawing 6 (d), after the crystal substrate 31 of drawing 6 (b) has pasted the ceramic package 36, thickness 
t of the crystal substrate 31 is adjusted so that the predetermined frequency temperature characteristic 
may be obtained/ Next, as shown in drawing 6 (e), the surface acoustic element of drawing 6 (b) is closed 
by covering a ceramic package 36 with a lid 37. 

[0037] Drawing 7 is the block diagram showing the outline composition of the manufacturing installation 
of the surface acoustic element concerning the 4th operation form of this invention. In drawing 7 , while 
up electrode 42a and lower electrode 42b are prepared in a chamber 41 and up electrode 42a is grounded, 
lower electrode 42b is connected to the RF power supply 44 through the capacitor 43. Here, the sample 48 
used as a processing object is laid in lower electrode 42b. 

[0038] While the thickness measurement section 45 which measures thickness t of the crystal substrate of 
a sample 48 is formed in a chamber 41, the RF power supply 44 is connected to RF power control section 
46. Here, the thickness adjustment data 47 are formed in RF power control section 46, and with reference 
to the thickness adjustment data 47, in it, RF power control section 46 controls the power and impression 
time of the RF power supply 44 so that the measurement result of the thickness measurement section 45 
serves as predetermined thickness. Here, drawing 3 and data as shown in 4 can be registered as 
thickness adjustment data 47. 

[0039] When adjusting the frequency temperature characteristic of a surface acoustic element, it lays on 
lower electrode 42b by making the surface acoustic element of the process of drawing 6 (c) into a sample 
48, and the pitch P of the IDT electrode of a surface acoustic element is inputted into RF power control 
section 46. And performing the exhaust air in a chamber 41, etching gas, such as fluorine gas, is 
introduced in a chamber 41, and RF power of lower electrode 42b is impressed. 

[0040] RF power control section 46 compares the measurement result from the thickness measurement 
section 45 with the thickness adjustment data 47, if RF power is impressed to lower electrode 42b. And if 
thickness t of a crystal substrate reaches the minimal value of the frequency temperature-distribution 
range, it will stop impression of RF power. Drawing 8 is drawing showing the relation of the Eulerian 
angle of a surface acoustic element and propagation loss concerning the 5th operation form of this 
invention. In addition, this 5th operation form can be made to enlarge thickness of an IDT electrode, 
without spoiling the temperature characteristic by setting H/lamb,da as the range of 0.01< H/lambda 
<0.0055theta 0.0725, while reducing crystal Leakey wave propagation loss by setting Eulerian angle 
theta as the range of 15 minutes [ 20 ] < theta< 16 degrees. 

[0041] In drawing 8 , if Eulerian- angle theta from which a propagation loss becomes the minimum 
becomes 40 minutes about 15 degrees and takes 20 minutes into consideration as variation in 
Eulerian angle theta at the time of a cut, the range of 15 minutes [ 20 ] < theta< 16 degrees will turn into 
a range with the smallest propagation loss. Thus, the good temperature characteristic can be obtained, 
without bulk radiation becoming small and adjusting crystal thickness, when a propagation loss is small. 
[0042] On the other hand, in order to obtain the good temperature characteristic since bulk radiation 
becomes large if a propagation loss becomes large, you may be made to adjust crystal thickness. Drawing 
9 is drawing showing an example of the relation of the temperature of a surface acoustic element and the 
frequency temperature distribution concerning the 5th operation form of this invention. Here, it was 
referred to as H/lambda =0.011. In drawing 9 , the frequency temperature distribution is settled in the 
range of 10-60ppm in the range of -40 90 degree C also in any for 42 minutes 30 minutes and theta= 15 
degrees theta= 15 degrees. 

[0043] On the other hand, the frequency temperature-distribution range of ST cut is about 140 ppm at 
-40 90 degree C, and the result of drawing 9 shows the good temperature characteristic from ST cut. As a 
result of inquiring furthermore, when it was the range of 0.01< HAambda <0.0055theta 0.0725 at 15 
minutes [ 20 ] < theta< 16 degrees, excelling the frequency temperature characteristic of ST cut was 
checked. 



[0044] Moreover, since a propagation loss is not zero even if it is 15 minutes [ 20 ] < theta< 16 degrees, 
although the combination with thickness mode is slight, it exists. Therefore, even if it is this case, the 
frequency temperature -distribution range is further improvable by adjusting crystal thickness. Thus, 
according to the 5th operation form mentioned above, it can respond to a RF, and a propagation loss is 
small, H/lambda is large, and the surface acoustic wave for which the frequency temperature 
characteristic used the good crystal Leakey wave can be offered. 

[0045] Drawing 10 is drawing showing the relation of the Eulerian angle of a surface acoustic element 
and propagation loss concerning the 6th operation form of this invention. In addition, this 6th operation 
form can be made to enlarge thickness of an IDT electrode, without spoiling the temperature 
characteristic by setting H/lambda as the range of 0.0055theta 0.08275< H/lambda <0.0055theta-0.0725 
and 0.01< H/lambda, while increasing an electromechanical coupling coefficient by setting Eulerian-angle 
theta as the range of 16 <= theta<=23 degrees. 

[0046] In drawing 10 , when it considers as an Eulerian angle (Otheta, 0), above 16 degrees, theta 
increases a propagation loss in monotone and increases an electromechanical coupling coefficient to 
theta= 23 degrees. On the other hand, at theta> 23 degrees, an electromechanical coupling coefficient 
decreases and a propagation loss increases further. For this reason, at theta> 23 degrees, there are few 
advantages as a surface acoustic element, and in order to enlarge an electromechanical coupling 
coefficient, permitting the increase in a propagation loss, it is desirable that it is theta<=23 degrees. 
[0047] Here, by the oscillator circuit using the surface acoustic element, if an electromechanical coupling 
coefficient is large, when frequency adjustable width of face can enlarge and it uses as a filter, bandwidth 
can be enlarged. On the other hand, if H/lambda is small, in order for the reflection coefficient in an 
electrode to become small and to secure sufficient amount of reflection, many electrode numbers are 
needed. At theta>=16 degrees, since a propagation loss increases, it becomes important to make a 
propagation path as small as possible. 

[0048] For that purpose, the reflection coefficient in an electrode is enlarged, and it is necessary to secure 
sufficient amount of reflection by the few electrode number, and it is necessary to enlarge H/lambda. That 
is, at 16 <= theta<=23 degrees, there is an advantage that an electromechanical coupling coefficient can 
be enlarged, a propagation path is made small by enlarging H/lambda, and influence of an increase of a 
propagation loss can be made small. 

[0049] However, in connection with the Leakey wave propagation, as for the increase in a propagation 
loss, bulk radiation means a bird clapper greatly. If bulk radiation becomes large, in order to predict that 
it becomes impossible to disregard combination with thickness mode and to obtain the good temperature 
characteristic, it is desirable to adjust crystal thickness. Drawing 11 is drawing showing an example of 
the relation of the temperature of a surface acoustic element and the frequency temperature distribution 
concerning the 6th operation form of this invention, in drawing 11 , if crystal thickness is adjusted so that 
the good temperature characteristic may be obtained, also in H/lambda =0.030 and any of theta= 20 
degrees, the frequency temperature -distribution range can be set to 140 ppm or less for 48 minutes 36 
minutes and H/lambda =0.025 and theta= 18 degrees H/lambda =0.015 and theta= 17 degrees, and the 
good temperature characteristic can obtain from ST cut 

[0050] As a result of inquiring furthermore, as in 16 <= theta<=23 degrees showed to drawing 12 , when 
H/lambda was the range of 0.0055theta*0.08275< H/lambda <0.0055theta 0.0725 and 0.0K H/lambda, 
excelling the frequency temperature characteristic of ST cut was checked. Thus, while becoming possible 
to enlarge an electromechanical coupling coefficient according to the 6th operation form mentioned above, 
by enlarging H/lambda, enlarging a reflection coefficient and making a propagation path small, influence 
of an increase of a propagation loss can be made small, and bandwidth is large and can offer the surface 
acoustic wave using the crystal Leakey wave which has the good frequency temperature characteristic. 
[0051] 

[Effect of the Invention] The frequency of operation of a surface acoustic element can be raised easily, 
without according to this invention, being able to adjust the frequency temperature-distribution range 
only by adjusting the thickness of a crystal substrate, and complicating a manufacturing process, as 
explained above. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing ll The perspective diagram showing the outline composition of the surface acoustic element 
which drawing 1 (a) requires for the 1st operation gestalt of this invention, and drawing 1 (b) are the cross 
sections cut by the A- A line of drawing 1 (a). 

fDrawing 21 It is drawing showing the relation of the crystal thickness t of a surface acoustic element and 

the frequency temperature distribution concerning the 1st operation gestalt of this invention. 

[Drawing 3l It is drawing showing the relation of the crystal thickness t of a surface acoustic element and 

the frequency temperature-distribution range concerning 1 operation gestalt of this invention. 

[Drawing 4l It is drawing showing the relation of the crystal thickness t of a surface acoustic element and 

the frequency temperature-distribution range concerning 1 operation gestalt of this invention. 

[Drawing 51 The cross section showing the outline composition of the surface acoustic element which 

drawing 5 (a) requires for the 2nd operation gestalt of this invention, and drawing 5 (b) are the cross 

sections showing the outline composition of the surface acoustic element concerning the 3rd operation 

gestalt of this invention. 

fDrawing 6l It is the perspective diagram and cross section showing the manufacturing process of the 
surface acoustic element concerning the 2nd operation gestalt of this invention. 

iDrawirig 7l It is the block diagram showing the outline composition of the manufacturing installation of 
the surface acoustic element concerning the 4th operation gestalt of this invention. 

[Drawing 8l It is drawing showing the relation of the Eulerian angle of a surface acoustic element and 
propagation loss concerning the 5th operation gestalt of this invention. 

[Drawing 9l It is drawing showing an example of the relation of the temperature of a surface acoustic 
element and the frequency temperature distribution concerning the 5th operation gestalt of this 
invention. 

[Drawing 101 It is drawing showing the relation of the Eulerian angle of a surface acoustic element and 
propagation loss concerning the 6th operation gestalt of this invention. 

1 Drawing 111 It is drawing showing an example of the relation of the temperature of a surface acoustic 
element and the frequency temperature distribution concerning the 6th operation gestalt of this 
invention. 

[Drawing 121 It is drawing showing the relation of the Eulerian angle of a surface acoustic element and 
HYlambda concerning the 6th operation gestalt of this invention. 
[Description of Notations] 

1, 11, 21, 31 Crystal substrate 

2, 12, 22, 32 IDT electrode 

3a, 3b, 33a, 33b Reflector electrode 

13, 24, 35 Glue line 

14, 26, 36 Ceramic package 
23 Crevice 

25 Bonding Wire 
27 Opening 
W Crystal wafer 
CP Chip 

34a, 34b Drawer electrode 

37 Lid 

41 Chamber 

42a Up electrode 

42b Lower electrode 

43 Capacitor 

44 RF Power Supply 



45 Thickness Measurement Section 

46 RF Power Control Section 

47 Thickness Adjustment Data 



[Translation done.] 
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*$tl.fc«iiT', Mlfi3 1 ©IllC^Xvx^f 
>-yZM^tT9^t^4'J. 3f«Offl«»aK4*tt*s# 
• ?>ixS4 5{c, 7kifBS«3 1 <DH^ t ^HS1-5o iJc 
(C. Hl6 (e) l£^-t-4?K. -fey 5 y^^V^-^3 
so 6ICM3 7Z1-Z>~b\Z£<0. HI6 (b) (D^tt^SSc 
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[00'37] 11714, *IK©l4iir«6#l4 

a4oJ;t>*Ta*®4 2 b^lgltbix, -L&fH£4 2ati 
SJft£ix5£ ti)\^ y TgP«1l4 2 btt=i V^Vf-4 3 
«r#LTRF«ilK4 4fC^$^TV^. .w^tf, TU 
tl4 2bl:(l, fe«^£fc*tW4 8flM8II£;h/ 

So 

[0 0 3 8] ft^4 lia4, S*#|-4 8 ©*&*&© 

t srShaoi-sj?*w-a!i»4 .5 tax* 1 1 t> 

* 4 7 £#JK? U J?*tHBI*|!4 5 <DVrmm%kififfil£<DB. 

W-tZ. S^ltr-:? 47t Lt, flajxfi, 

El 3, 4^*-fJ:5*9 !f --^Sra»fSri:*s-e#5. 
[00 3 9] #tt*iittifc*©flit8^lt4$te«:P»-*- 
0 6 (c) ©IgwPtt^BiSsg^-S: 
f&&4 8 t L-TTrB1M§4 2 b_LKl«BU RFtWl 
»»4 6fc#tt*ffi«*^0 I DTSi©e s^PSrA 

^-t-Sc ^lt, ft^4irtw#irfli^o v 7 

s/*^/^./ t Ci-'C0^s'^^i/^^^^^^4 lrtfCigA 
L, TSB®ffi4 2 bWRF^!7-*Mt5„ 
[0 0 4 0] KFmMM^U^ 6J4, TSP»Bl4 2bfc 
RF^y-SrTOPi-5i:, f*tta(IS4 5i>feCtt«llS 
*4rJP*WHt7*-* 4 7tJt«-fS. ^rLT, 7kfsS« 

©ff* t tfs, Jl&8:i&fiHf ^«5ffl©ffi/JMl»cji-t-5 £ , 
RF^!7-©^PSrffJh-r5 0 H8I4, #3B9i©fS5Sfc 

-{y-ftezi 5S20^<e< l 6m<Dffi,fflicm&i- 

£ if-, H/A. £0. 01<H/A,<0. 00 5 5 6- 
0. 0 7 2 5 0l|(;Kt5; irfcj: "9, «£«H£$r 
a/«:ti<, I DT«*I©JflE^&*t<T*#5J:9 
MLfct>©-Cfe5. 

[00 4 1 ] E! 8 KJSV^T. e*a*iS*'>fc*5*-f 
7-^0/4^1 514 Oftbtt:*). -fry Vm<Disr4y- 
fiO<Ds<yy*bLX2 0ft&%&irZ>b. 15S20 
ft< 0 < 1 6««)«SH^ftte*ta^/hS^lfiffli:* 

[0 0 4 2] ^/W^Jjt 

£'mW-fr<Offl&&fT1 X olcLXk &\,\ 1911 

©|g 5 *«i^»C«5S*tt*ffi&5il^©ia«^^«^® 
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= 0. Olli: Lfc, EI9^*5t^T, 6 = 15830^ 
tekxfe = 1 5S4 2^©l>i*tt^*J^Tt, JSIi&fcfi 
•K^Stt, - 4 0~9 O'CWfSfflKlfc^-C, -10~6 
0 p p mWtBffltCltXSoT^So 
[00 4 3] — ST*5- h©Jl^aS<@M«SH 
14, - 4 0~9 O'C-Cli, ^ 1 4 0 p pmffc!) , EI 9- 

fcftW-Ufcife*, 15S2 0^<9<16Sm 0. 
0 1<H/A<0: 0 0 5 5 0- 0. 0 7 2 5©fSffl-C 

[0 0 4 4] 15S2 0^<e<16Sffcot 

20 t?#-5„ 

[0 0 4 5] Hi 0B:, *«W©« 6 ?SNBI£ffifc:ft*# 

«fe-a-#.Sc^l«^$*Sii:^tc. H/A.Sr0. 00 5 
5 9-0. 0 8 2 7 5<H/KO. 00 5 5 0-0. 
0725, a»o, 0. OKH/lOffiiC^nr 
m«fl*ttS:a*5 I DTfl;^©i¥ 

30 [004 6] mi oic&t^T, ir-Jy-ft (o, e, 
0) i 0 i)i 1 61*El±-ette*»*tt)tifllfc 

«ap l, 0 = 2 3t*t*wt 

?.o 0 > 2 3 «-c«4, 9,fm&i&&mmm'p 

U, e««5feH:$e>K:UI*0-t-5. i©fc«6, 0>2 3« 
T'«, 5*tt*BiS*^i: UT©^,^I4'>^< > e«6«4c 
©ti^P^fF^ Loo, «fi«|^-a-#,j@cSrA# < 

[0 0 4 7] :;t\ «MtMtS««ft^*v^, # 

^<©«^*^s^Si:^5o 0£ 
PI 9'h£< 1rZ> ^ bfcSWbte&o 

[0 0 4 8] ^©fcfetdtt, mis{c#5ttss*r#^*^ 

1 6Sg 0 g 2 3ftl4, 
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[0 0 4 9] ©»|**©t(Mratt:» U 

(4, *ftff*©WSESrff5-fc*s»*Ut\ Ell ltt, 

*» w ©as e jura* 5 Pft^s &«^(/5 ?a« t n 

SIS-T S t , H/A = 0 . 0 15 /$>o 9 = 17f36 

H/X = 0. 0 2 5A»Ofl = 18S4 8», H/l 
= 0.. 0 3 0**0 0 = 2 OgWI^ftfcJai^Tfc, Jiflfc 

mmmmmimz i 4 o ppmaTitsrtm. 

[00 50] $e>lcMLfcS*. 16tSfl^23f 
©$Sffl-C{4, HI 1 2 iCTn-ti. 0 fcl, H/XAK 0. 0 0 
559-0. 0 8 2 7 5 <H/A< 0. 00550- 
0. 0 7 2 5. fl*0, 0. 0 1<H/ACj5It?fetl 

^cSK^ttfc, r©i:5(-, ±ii£Lfc#S6 0ll67gfSfc:J: 

fc£<bK, H/^^^<ltK«ffi*^l<L < fit 

[0 0 5 11 

[mn eii (a) i4, *&wv>mimmjtmic&zw 
&mm&mi-<»mi&mi£&7Fi-&&m. mi (t>) as 

1 (a) ©A-A*-C«DWrUfcWrBB|-e*>5. 

[n 2 ] *g§98©!& i mmwm\cmz>w&m&$imi-<D 

[El 3] ^RWO-SEltJKffililRSSittSaDtt*^©* 
[El 41 *«lfl©-3l«yg»K:«4#tt*i5«*iF-«)* 
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f B ff^ t £m«fcMl;£«5Ht©BS«£*t-ElT-fc 

[0 5] El 5 (a) (4, *«9]03^£%7gttfCfii£# 
tt*»£**©tt^j*&*1-tfiiBI\ El 5 (b) (4, 

n ©» 3 mmmm 5 as *?©«ifriftj£ 

€r^t"WEElT*fc5„ 

[El 6] *%N03^0glfc^ilBK:ffiSWte&B&3lt?0 
»JfiiaS:*t-ft|gH*sJ:tJeWriBH-eife5. 
[El 7] *^MC»m4 3IJ{5^»c#5#tt*fi&*^W 

[El 8] *^^wm5 3Hfe^»C«5#tt^®&^^-ro 

[El 9] *^M©m5H16^fc^6#tt^S&*^W 

[EJl 0] *HW<om6|lifi^li^5#tt«SjS^ 

[EJl l] *5E?W©m6H^®{c#5#tt^i5ifi*T- 

5. 

20 [El l 2 1 &mw<0& 6 HffiJgt8^5^t4gEjg^ 
i , i i , 2i, 3i *JMfcK 

2,12, 2 2, 3 2 I DTtS 
3a, 3b, 3.3a, 33b 

13, 24, 35 mmn 

1 4, 2 6, 3 6 i?7 5 y i? 

2 3 Dflgp 

2 5 stf^x-f 
jo 2 7 |PgP 

W Tki&^i^ 
CP f?7" 

3 4a, 3 4b 3I#HJL®H 

3 7- 1 

4 1 f=--fr>v< 

4 2a ±gflfltffi 

4 2b TunM 

4 3 n^xVlJ- 
4 4 RFtI 

40 45 wwsm 

4 6 RFmagSJ^SB 
4 7 ff^WS^-^ 
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